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IT PAYS the farmer to harvest his grain crops as 
soon as possible after thej'^ have matured, and to 
fumigate promptly to kill any stored-grain insects. 

Fumigation is most satisfactorily and economi- 
cally conducted in tight cribs or bins, but should 
not be neglected .if these are not at hand. 

A number of fumigants are available for the con- 
trol of stored-grain insects. Among these are car- 
bon disulphide and mixtures of which it is the 
principal active ingredient, the ethylene dichloride- 
carbon tetrachloride mixture, carbon tetrachloride 
alone, ethylene oxide, and, under certain restricted 
conditions, hydrocyanic-acid gas. This bulletin will 
acquaint the farmer or grain dealer wath the char- 
acteristics of each of these fumigants, so that he can 
select the one best suited to the particular conditions. 
It shows how the fumigation problem is being solved 
in the farmer's bin or granary, in the box car or 
ship's hold, and in the elevator. 
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Revised December, 1929 
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THE PROBLEM SERIOUS, BUT CAN BE SOLVED 

THE PEOTECTION of grain in storage from'insects is a'serious 
problem for the farmer, grain dealer, and elevator man. The 
losses are tremendous. In a review in 1924. of the problems in mar- 
keting Pennsylvania wheat, it was estimated that during a recent 
outbreak of the Angoumois grain moth the State of Pennsylvania 
suffered an annual loss of from $1,000,000 to $3,000,000 from the 
depredations of this insect alone. 

In 1912 when a survey was made of Alabama's crop of 54,000,000 
bushels of corn, it was estimated that weevils cost the farmers of 
that State at least $4,000,000, and that was not ait exceptional year. 
The loss of southern corn through insect attack ranges ffom 2 to 75 
per cent. Unless protected in some manner, grain can not be pro- 
duced in the South and held in storage until the summer following 
harvest without being rendered almost worthless. Corn arriving at 
our ports of entry from South America is often seriously damaged. 
Federal and State grain inspectors at all grain centers, such as 
Chicago, Kansas City, New Orleans, Minneapolis, Baltimore, and 
New York, can testify to the losses suffered by farmers in the form 
of discounts owing to the presence of weevils in wheat when it 
arrives at market from the farm. 

Lack of knowledge of control methods causes many farmers to 
sell their newly harvested grain to escape depreciation due to insect 
attack, when they might treat it themselves at a slight cost and real- 
ize later good returns on advancing markets. Insects cause many 
persons to sell when the market is low, only to buy at a greater price 
grain shipped in from elsewhere when prices are high. An increas- 
ing number of farmers are protecting their crops and know that 
insect losses can be prevented once the crop is harvested and stored. 
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Treatment is not diffieiilt. The results arc inimecliate and risible. 
What the farmer or eorporation with finaiieial backing has found 
profitable the farmer with limited means will also find profitable. 

A desire to know the faets, a willinoness to exercise in^zenuity and 
thrift, and cooiDerationnvith a good county agent will result in many 
dollars saved. 

SPONTANEOUS GENERATION OF GRAIN INSECTS A MYTH 



The idea that insects develop from the " germ of grain " was 
exploded years ago, though it still persists among grain handlers 
and i)roducers. This idea probably is the outgrowth of the fact that 




rici RK 1. — liiteriol' of a slatted coi'iicrib on u Mjiryhiiid farm, Sucli corn is usually 
inort^ or less infested during tho spason after harvest with the Aufjoumois jrrnih 
moth, and is the stniree of consideral)le infestation of ripenin;,' wheat, The adult 
moths fly frotn such corn to the wheat maturing? in the field, where they lay e^R« 
upon the wheat lieads, thus startinii an infestation that should be *' nipped in the 
hud " by early harvesting and threshing. Sometimes as hi«li as 2 per cent of the 
wheat kernels maturing in the field may be infested by the Angouraois grain moth 
developing In such cribs and flying to near-by fields 

when grain is cold the insects present in it are so numbed that they 
can not feed. It is true that when the worst grnin pests are very 
young they burrow into the kernel and groAV by eating out the 
inside of the seed, but even an expert can not always be sure of 
infestation without using a microscope. Such insects in grain remain 
dormant during cold wenther, but moderately high temperatures 
start thein feeding; and if they all become fully grown at about the 
same time and eat their way out of the kernels, the owner will find 
his grain " weevil-cut " and alive with crawling weevils and may 
think that these weevils have developed spontaneously from the 
germ. In reality, however, they are the first clear external evi- 
dence of an infestation that, retarded by cold, has been waiting for 
the higher temperatures which would enable it to break out and 
spread. 
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INITIAL INFESTATIONS OCCUR IN THE FIELD 

Many do not unclerstanrl that our most serious pest^ of wheat, 
corn, and other eereals can fly and do not confine their attack to the 
harvested grain in granaries and elevators. Every farmer kno^Ts 
that the fag-end of the previous year's crop is 'ahvays likely to be 
the portion most badly damaged by inseots. What he doesn't 
legalize is that the rice weevil and the Angoumois grain moth live 
over the winter in the grain in his bins, fly to the near-by fields of 
ripening wheat and corn as these are nearing maturity, and lay eggs 
upon the wheat headis or corn kernels. (Fig. 1.) These first in- 
festations take place in the grain when it is in or passing the " milk " 
stage, and usually involve a very small percentage ot all the ker- 
nels of the crop. " 




Fitii'KB L\ — SttK'U of unthi'esliod wheat on a Marylniul farm. This wheat was si ill 
unthro";lK'd hy Octoher followiiis harvest. This coudition favors insect iiiicstathjii. 
Wheat thioslied late aft<'r liarvest in V,)2'.\ was often damajrod from CA) to UO i)er 
cent as compaml with 1 to li per cent on noishboring farm« wli(}re the crop was 
harvested and threshed promptly 



In 11)24 a study at harvest time of wheat-field conditions in ^Mary- 
land showed that on an average 0.26 per cent of the kernels were in- 
fested bj^ the Angoumois grain moth, and that on certain farms 2.06 
per cent were infested. The 1922 examination of wheat in Mont- 
gomery County, Md., by the writers showed at harvest time an 
infestation of about 2 per cent by the Angoumois grain moth 
on certain farms. On other farms, whore threshing had been de- 
layed (fig. 2) until lat-e September, the infestation by the Angoumois 
gi'ain moth reached even 90 per cent. 

In southern Georgia, in the first week of September, 1023, the 
examination by S. E. MeClendon of 8,850 ears of coin taken from 
21 faims showed 42.9 per cent of the ears already moi-e or less 



4 



FARMEIIS- BULLETIN 14 S3 



infested by the rice weevil before these particnhir fiehls were ready 
to harvest. A careful examination of one lot of 2.") ears broken from 
the stalks showed that 13 carried rice weevils, and that on these 13 
ears the weevils numbered 51, 34, 8, 11, 23, 13, 12, 8, 2, 4, 34, 113, and 5 
individuals, respectively. An examination in one field made in late 
September, 1925, by ilcClendon and the senior writer indicated that 
fnlly 95 ])er cent of the ears were infested by the rice weevil. At 
Sanford, Fhi., rice weevils hare been found infesting corn in the 
milk stage as early as ^lay. 

Of the total number of inspections made in Oklahoma of wheat 
arriving at market from the farms from September 3, 1919, to 
December 31, 1919, the percentages of carloads repoiled infested by 
rice weevils and Angoumois grain moths for each of the IT weeks 
beginning with the week of September 3 were 17, 30, 55, 44, 09, 09, 
7s, 88. 75, 90, 8l>, 00, 07, 03, 80, 75, and 58 per cent, respectively. 




KiGUKE .*>. — Coiiierib made of hollow tilt?. It is 10 foot in diamotor and 14 ftvt liljih 
:\ui\ cost ^y>:V2. An experienced fumigator states that this is one of the tl.i;htt».st 
f-ribs ill southern Cieorgiu 



Of the carload lots of wheat and corn received at Sherman, Tex., 
during the months of July to December, l()t20, 88.7 per cent of the 
wheat and 79.5 per cent of the corn were found infested by the rice 
weevil and the Angoumois grain moth. 

The inspection certificates of winter wheat shipped into the Balti- 
more market from July 1, 1922, to June 30, 1924, showed that 13 per 
cent of the 7,892 carloads were graded " sample grade during the 
season 1922-23 on account of the presence of insects, and 20 per cent 
of 2,800 carloads during the season 1923-24. Wheat arriving on the 
Baltimore market is drawn from Pennsylvania, Maryland, Dela- 
ware, Virginia, and West Virginia. The receipts of winter wheat 
in 1922-23 amounted to about one-third of the marketed crop, or 
one -fifth of the estimated crop of these five States. The rather high 
percentage of infested cars was due to an outbreak of the Angoumois 
grain moth which occui*i*ed in this i*egioii in the years 1921, 1922, 
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and 192o. The outbreak subsided in 1924, with 'the result that 
inspection certificates of winter wheat arriving on the Baltimore 
market from July to November, 1024, showed that of 2,008 cars 
inspected only 4 per cent were infested with insects. This is probabh^ 
more nearly representative of the condition of all marketed wheat 
in years Avhen there are no serious outbreaks of grain pests, for 
according to experts of the Bureau of Agricultural Economics, 
United States Department of Agriculture, a survey of inspection 
reports for the four years from July 1, 1917, to June 30, 1921, 
showed that 5 per cent of all wheat which moved in interstate com- 
merce was graded sample grade. 

These few definite instanr^es of grain infestation for the tin riod 
from just before liarvest to the time the grain arrives at the central 




Figure 4. — Galvanizt'd iron cornei ibs ou large moderu dairy farm ut Donaldsonvillo, 
La. Cliolco dvnt forn has been stored in these containers for about L") yearj< anil 
lirotecied by t'unii^'ation with carbon disulphide. Tht'se cribs ataiul In 'the barn- 
yard, a few feet away from a modern dairy barn. They are 18 fi'ct in diameter, 
171/^ feet high, and estimated to hold about r>00 bushels of shucked corn. The 
vontilfttor outlets at base and the doors are sealed diirinjj fnmij?ation. These arc 
wonderfully tight cribs for protecting grain by fumljfation 

grain market in the fall of the year of harvest emphasize the fact 
that nearly all grain crops, except in the extreme Xorth, are usually 
already somewhat infested when ripe for harvest, and that delavs in 
getting the crop under cover and into bins where it can be treated, 
if necessary, offer the insects opportunity to miiltii)ly and infest 
other kernels. The insects present in any properly harvested crop 
are relatively a very small number compared with those developed 
later, and each day^ delay in treatment increases their number tre- 
mendously. Since few fumigations can be so thorough as to kill all 
insects in the grain, the farmer gets by far the best results when he 
fumigates his crop directly after harvest, when the insects are at 
their numerical minimum and before they have had a chance to cut 
many kernels. In short, it pays from au iiisect-chiniage standpoint 
to harvest as soon as possible after the crop has matured, and to treat 
as ^oon as possible thereafter to kill any insects in the crop. 
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EARLY FUMIGATION PROFITABLE 

Insect damage to grain is not partieularly noticeable until the 
insect developing within the kernel matures and cats its way out, 
thus leaving a hole that classifies the kernel as weevil eut/' AVhen 
a grower finds insects already attacking his grain at harvest time, 
it is nioney in his pocket to fumigate proui])tly. It is easier and 
more profitable to control insects when thc}^ are few than to wait 
until they are noticeably abnn(huit. If the insect grub rleveloping 
within the kernel is killed before it has a chance to develop, serious 
losses will be avoided. It is uuich more profitable to fumigate early 

and sueeessfully than to 
send infested grain to the 
elevator or mill and get a 
lower price. 

WHEN AND WHERE TO 
FUMIGATE 

Fumigation when the 
teriiperaturc of the grain 
is below GO'' to G;";^ V, will 
not be a suece**; and is not 
reconunended for most 
farm cribs. iMost success- 
ful grain fumigations are 
carried on at temperature: 
ranging from 75"^ to 95 . 
The ideal way to fumigate 
is to put the grain into a 
very tight bin or other con- 
tainer. The best containers 
are made of nif^tal or con- 
crete. Excellent cribs fnp 
treating grain are being 
constructed of brick, hol- 
low tile (fig. 3), concr(»te, 
galvanized iron (figs. 4 
and 5), steel and wood 
(figs. G, 7, and 8). Even a dr3^-goods box (iig. 9) can be nuule tight 
enough by lining it with several thicknesses of heavy paper. Grain 
pile(l on the ground (fig. 10) can be fumigated with fair results 
if covered properly with a good tarpaulin. 

liead the legends of tiie accompanying illustrations (figs. 3 to 21) 
for a better idea of conditions under which grain is being fumigated 
to-day. Ingenuity, initiative, and a small outlay of money will 
make it possible to eonrert loosely construct(Kl grain bins into places 
vrhere grain can be fumigated ' successfully. Your county agent, 
State or Federal DepartnuMit of Agriculture, or your own engineers, 
in the case of elevators, can help you solve your problems. 

COMMON METHODS FOR CONTROLLING GRAIN INSECTS 

Aside from early harvesting and threshing of grain, which lessen 
the chances for insects to attack grain seriously, the most common 




Ki<:VRK r>.- Galvauizod-iroii corncribs art! proviiijx 
sntisfai'tory whon w( 11 sot up. This ouo has just 
b('( ii fujiiiirati'd with carbon disulphide. The door 
jniU vontilatory at bottom had bron sealod by 
anpl.vin;; clay mud instead of ^'uinuifd paper. 
Results are very ^ood in these relatively cheap 
cribs. This owner poured his fnmij^ant Into shal- 
low disb<?s mt on tlie ;;valn 
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mot hod oinployed for killing insects in bulk grain is fumigation. 
This is the only methorl at present available on the average faa'm. 
At grain elevators many insects can be removed by the running, 




FiGt nR 6,— C'nrncTiiis at (ilon Saint Maiy Stock Farm, GWn Snliit Mary. Fla.. plniiiUMl 
iintl biiiU l>v ir. II. Ilumo, Tlieso cribs; an* of tongiw-aiul-groove material, with Iniild- 
ing pMpiM- bVtwpcii. They huvo given satisfaction from tho standpoint of corn stora;;o 
and fumigation for noarly 15 years 



screening, and blowing processes; but even this moving of the grain 
does not remove the kernels in which small grubs are developing, 
nor does it get rid of all of tJie other insects. Running the grain 




FiGURM 7, — Model sliowing tlie motliod of oonstructinn of a good corncrib of tlie type 

sliown in Figure 6 



from one elevator bin to another in cold weather and allowing the 
grain to fall through the air in zero weather will cool the grain, and 
if this is cooled to a sulKciently low temperature insect activity 
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KuvriiE s. — Com grown in tliP (iiilf Toust xtiUos is u.su;illy rond<'red unfit for animal 
f<)o<l by Juno or July following liarvost if it is not protected from insects. Above 
is shown a crib of corn in Aujrust following harvest still iu prime condition and 
being used as food for poultry and hojrs. The missionary work of the United States 
lupnrliuent of Agriciiltnri? lias resulted in iiuudreds of such good cribs being built 
in southern (Jeorgia 




FiGURK — This boy on a Simali Orlando (i^^la.) farm did not have the money to build 
proper stoi-age for his small corn crop. Yet 1ip won a scholarship at the University 
of Florida bv raisin?; the beftt pis in his fsonnty, feeding it corn that had been pro- 
tected from weevils by fumigation with ctirbon disulpliide. Ue was entt-rprislng 
enough to get dry-goods boxes from a town store and make them Into good fumigat- 
ing boxes by lining them with several thicknesses of good paper, A little initiative 
and ingenuity solves many a problem inexijensively 
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wWl ueaso for vjiryin»jj periods, depending upon the opportunity for 
the grain a*^aiu to become wanned. 

Heating grain to a tenipemture of 125^ to 140° F. in grain driers 
will kill all insects within tlie grain, provided each kernel is 
thoroughly heated through to these temperatures. Heat is used 

U hi 




l-'.rt i:R If), — Tlioiisands of busliols of wheat, rye, and kaflr pUpd on thp jmiund :it 
Uiigstoii, Ktins,, for lack of cars, March, 1923. Grain stored In this inannpr or in 
EricUs stackod out of doors can bo fiimigatod with fulr results if tlio fumigated 
portion is covciTd well with tarpaulins. The tarpaulins niusr oxt»nd out over tho 
ground around tho pile funiigatod and sliould liflvo dirt Rhov»l#d otror the odgos to 
aid in confining the gas. Carbon dt^ulphide is th^ best fumigant for this typi' of 
fumigation 




FioURB 11. — A {satisfactory corncril) Imilt by nn ontorprishiR fnrmor of Waycross, 
This Wim formerly a f^hittod crib that could not be fumiuatrd. The floor ^Ya« tijrht- 
cniod and tho walls covered with heavy buildiu:? paper and a layer of ton;:uc-und- 
sroovo boarding. Corn has been protected from weevils by fumigation in this crib 
for over five years 



successfully ill sterilizing grain at ports of entry where it is desired 
to prevent the entry of foreign pests. All modern and large elevators 
are equipped with heating and drying equipment (fig. 22), but this 
equipment is used primarily for controlling the moisture content of 
grain. Since grain in the United States is bought and sold by 
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FiGi RE 12. — Two typical (Georgia barns into which have hmn tiiiilt compnrtmontsj for 
storing; corn wiicio it cnn be treated successfully with csirbou clisulphid*' or any 
other satisfactory fumijiant 
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I"n;ri{K 14. — Corn, proU*ctt»U by fumigation, is (It'pt^iidctl uixiii by pro^jrc^sivr cattle 
l>i(*iMl<'i>! in tile South to funiisli liiijTi-^radr food tliiout;lHiiit tho yrwv. In thf Iai-j^c 
* rlb in tht* h'Xt fon-jii-ound in tin* lower pirturc carbon ditjulpliide bos been used for 
veais with exci'llt^ut results. Not** proximity of crib to otbor farm buildiug^. 
V'aitW raised ou this Tliouiasville (Ga.) farm lake pilzt'S at lUc slook sUows iu 
Ohicago 
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FiGL'RE lo. — A typical Maryland barn, with stables in bast-mcnt. The wheat bin shown 
in Figure 10 i>5 built into the rij;ht-hancl far corner on th(» first tUnw above tlie 
stables. It is made of two thicknesses of tonKne-und-groove matorinl with build- 
ing papfr between and is so tigrlitly constructed that whent placed io it has been 
fuiiii^'atod with carlxm disulphide without the odor penetratiui; to the stablps be- 
neath. With so much hay and wheat straw about, the farmer must exercise j^reat 
caution to keep fire in any form away from Uie barn during the period of funi'l^ja- 
tion. It would be snfor under tliese conditions to use* a noninflaminablc and uon- 
cxplosivc fumigant 




FiGTiKE 10. — (5 rain bin on wagon iloor of barn shown in M;^ure 15. Wheat iu this 
wcll-buill Iiin has lH»en fumi^aled sueeessfnlly for some years with earbou disul- 
phide. Tile farmer rt^eo;i:nizes tliu dauber of lire when carbon di'^ulphido is used 
and atlo\\-» no one near lite baru during rnnii^atlun 
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Figure 17. — The managomont of Kacelnnd riautatiun, Ilaeelaiid. La., says tbat 
carbon-disulphide fumigation has solved their "weevil problem." ^omo voars ago 
this was one of three ehief problems involving loss- on this gr(«at sugar plantation. 
By spending about $500 in tightening their old crib, two aspects of which are 
shown above, and by fumigating with earbon disulphide, ibey claim (1921)), after 
fumigating for over 12 years, that they save yearly at least a.OoO bushpla ot corn. 
The crib Is 35 by 85 by 16 feet and holds approximately 12,500 bushels of shucked 
eorn. It was tightened by sealing with ordinary tongue-and-groove boards well 
driven together. The erib is filled by moans of a corn elevator hopprr spout 
taking eorn into the building through the door in the gable and placing it in tlu* 
crib through openings in top of crib. About 500 pounds of carbon (Hsnli)hhh' is 
used to a treatment, this being poured in through the 15 maiilioles in t<jp of erib 
by men entering through door in gable. A, Uuilding flIWd and closed tor fumiga- 
tjon ; B, erib emptied, with end doora open 
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FiouuK IS. (irain arriving,' at rlcvntoi- nf U'y sliipmciit from fnnii. If siieh gitilii 
shows tho prosoiiee of cvj u a few live adult weevils it is Isanipic graded fUKi lliis 
may jiieatly reduce its value. If tho j;raiii i« not so badly *• cut " by inlspets but 
that it would be parade No. 1 were- no live adult insects pre«CMit» it can b«* Ki-wdtul 
No. 1 if the insects are Icilled by fumigation. Trwituwiit to rcHstore it to tills jjmdif 
costs the farmer about 2 cents per busli(>l wheu carbon dteulphld« 1ft us<<d : of tliis 
anionut one-half cent is charged to fumigation witli enrbon dlmilphide. Many cur?? 
are fumigated. Above, the manager of an elt^vator nt Bftltimor#, ma., is eliown 
applying carbon disulpbide or any liquid heavier- than -air fumi«ant. lu this in 
stance, the carbon disnlpbide, carried on tli# push t-art In a niGtsiI tanlt. is pumped 
through a rubber hose into a perforated brass uod inserted Into the grain. It i.^ 
doubtful whi'tlter tlli.^ method (if application liasr* adfautages over simply pouring 
or sprinkliuj? the liquid on thu grain 
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weight, and since heating grain reduces the ^Yeight by driving off 
some of the moisture content, heat is not a favorite control measnre 
for insects at grain elevators. 

Aside from the application of heat and cold and other elevator 
practices, all \rho are interested in insect control in grain arc forced 
to recognize the importance of control by fnmigatin;^ grain in suit- 
able tight containers. For farm use the only fumigauts satisfa<j- 
tory at the present time are 
those that can be depended 
upon to penetrate bulks of 
grain as ordinarily stored. 
Such f umigants are heavier- 
tlian-air gases. The lighter- 
than-air fumigants, notably 
hydrocyanic-acid gas, are 
seldom used for fumigating 
giain in bulk, since these 
gases do not penetrate very 
deeply into masses of grain. 
This is true also of the 
heavier-than-air gas, sul- 
phur dioxide, which in ad- 
dition destroys the germi- 
nating power of seeds and 
injures the baking quality 
of the flour made from 
fumigated wheat. ^ 

For use in grain eleva- 
tors, a method has been 
perfected for successfully 
fumigating grain by intro- 
ducing a form of calcium 

evanide into the stream of Figure 19. — A cribbad elevntor typical of many coun- 
iha o-vo^n ar^favG ^^y elcvators. Onp bill 10 by 10 feot and 42 foet 

^^neat as tne gram enteis ^^^^^^ capacity with shpiiod corn, was- 

the bin. This highly S2:)e- 
cialized method of treat- 
ment is available at present 
only for the lar^e storage 
elevators. For further in- 
formation see page 27. 

The ethyl-acetate-carbon 
tetrachloride mixture, dis- 
cussed in the first edition 
of this bulletin, is no longer 
recommended because of its nnpo])ularity duo to i)ersi.steut odor 
following its- use under certain conditions*. 

COMMON HEAVIER-THAN-AIR FUMIGANTS 

The expression "heavier-than-air fumigants" means those gases 
that, being heavier than air, will sink <lown into the grain in a tight 
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fumisntod with carbon di«ulphidc in Septembrr, 
")y pouring the liquid diroefly on top of tho 
Kzamination 12 hours lator of samples of 



1920. by 

corn. „ 

badly infested corn In sacks tied to the support- 
ing iron rods and in the concrete base befbre the 
bin was filled, shQUred all wuovils iXmiX. Sonit- 
weevils in samples tied to Inddfr. near cracks in 
the wooden walls, were not killed — another artru- 
ment for tij;htnpss to secure best rej^ulta. The 
death of the weovils in the bottom of th^ bin 
answers the quostlon often askt'd if caibon-di sul- 
phide ^:as will penetrate shelled corn. Only nou- 
inflaminabiC and nonexplosive sas should be used 
in these elevators. It is diflleult to keep smokers 
away from such country elevators 



» Sulphur dioxide was once Ui<ed extensively for fumigation of gniin in ships. By a 
patented process the fumes were forcfd throujjh tiie ^rain. It iss not now used iu the 
Lnlted Statt'S as a grain rumigant. 
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bin and, by forcing the lighter air out, will smother and kill all insects 
within the bin. In thoroughly tight bins these gases can kill all 
stages of the insects — the adult insectfts crawliiifr between the kernels, 
the eggs already laid in the kernels, and the grubs, pupae, and adults 




FlGL'UE 20. — Wheat and corn grown on the farms arrive at sraiii clevatovs in large 
distributing and exporting centers in railroad ears as shown above. The grain is 
usually ill bulk, though sometimes sacked. Railroad officials have prohibited, except 
at certain points, the use of carbon disulphldc as a fumigant for treating grain in 
iY>lling stock, in spite of its exo(»lIenoe as a fumigant and the nugligible number of 
accidents tliat have followed its use over a period of many years. Fortunately the 
ethyleue diehloride-earbon tetrachloride mlxturo or eortain carbon-di«ulphide mix- 
tures approved by Are underwriters can be used effectively in these grain curs. The 
averuKe box car lifts a capacity of 2,750 cubic feet and contains un an average about 
1,.10() bushels of wheat 

within the kernels themselves. If bins are not thoroughly tight 
the etFectiveness of the gases is reduced in proportion to the oppor- 
tunities given the gas for escaping through cracks or other open- 
ings (figs. 23 to 26) in the bottom and sides of the bin, or being 
dissipated somewhat at open tops. 
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At present there are a number of heavier-than-air ehemieal fumi- 
frants that offer a safe control for insects under storage conditions. 
These are carbon disulphide and certain carbon-disulphide mixtures, 
ethylene dichloride-carbon tetraehloride mixture, earbon tetrachloride 
alone, and ethylene oxide. The farmer and grain dealer should be- 
come acquaintL»d Avitli the characteristics ol: each of these fnmigants 
and select the one best suited to the particular conditions. 

C'hloropicrin, one of the po^verful war gases, shows promise of 
becoming a practical fumigant for bulk grain, but has only recently 
become commercially available. 

Ethjdene oxide has proved an excellent and safe fumigant under 
certain conditions, but its availibility for bulk-grain fumigation has 
not yet been fully demonstrated. For further discussion of ethylene 
oxide as a fumigant for bulk grain see page 24. 




FiGURK 21. — A ship beinK Icmd(>d with wlitat at a Galveston, Tex., elevator. Xhe 
nroblem of furnisliing grain coHtaiuin« fewer insects has been made easier by tne 
tliNCovery of a nonlnflmuniable and nonexploaivt fumigant wliich can be used with 
safety at eIevatoi*s and about !shipi)iug ec|uipment 



CARBON DISULPHIDE 

Carbon disulphide has been in use for years as a standard and 
siH'ccssful fumigant for grain. It is a highly inflammable liquid. 
It will not only flash but continue to burn at a temperature as low 
as —4° F. The greatest danger with this substance resides in the 
volatility of its inflammable vapors, which form exi)losive mixtures 
with air, and its tendency to ignite spontaneously when heated to 
about 300°, or in the presence of iron and other metals, particu- 
larly copper, at a much lower temperature. In the presence of 
copper it ignites at as low a temperature as 205°. Six per cent of 
the vapor of carbon disulphide in air makes an explosivti mixture, 
and the presence of dusty, metallic surfaces (such as are present in 
mills and elevators) favors the cxplosibility of the vapor. Because 
of the fire hazard involved in the nse»of carbon disuli)hidc, most 
insurance companies prohibit its use in buildings covered by their 
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FiGUiiE 2o. — A t.vpiciil "pole" crib found on fnrnis tliroimhout tlip South- Coru 
stoi'ud in sucli cribs can not be finnigatod sntisnirtorily 



policies, except in certain 
ra?:es whore its use is per- 
milted under conditions 
in)poscd by the insurance 
companies. 

Many attempts liave 
been made to prepare a 
funiigant containing car- 
bon disulpliide that would 
be free from the fire haz- 
ard. Several such mix- 
tures have been approved 
by tlie fire under writ ors 
and can be obtained eom- 
mereially. The usefulness 
of these mixtures is dis- 
cussed on page 22. 

Carbon disulphide gas 
explosive and inflamma- 
ble. — In spite of the ex- 
plosive and inflammable 
nature of the pas, it must 
be admitted that, consid- 
ering the large quantity 
of carbon disulphide used 
for years past, tlie num- 
ber of fires and explosions 
resulting fi*om its use lias 
been exceedingly small, 
and these few have al- 
ways been traced to care- 
lessness. Many owners of small elevators throughout the Middle 
West state that they have been using carbon disulphide so satis- 




FiGL'RE -4. — Perforated galvanized-iron corncrib in- 
stalled on dairy farm in Georgia. Such perfo- 
rated cribs liavo little to commend them from the 
standpoint of weevil control. They can not be 
fumiprated without putting a tent over them. 
(Sec tis. 2r,) 
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I'li^i RE :J5.-^A perforjitHl jialvanizotl conierib ooveml with m tent during fntiiijjsUtoti. 
Bnch vr'ihn nre dillutih tn covit and can not bu very effecUvi'ly rumltfalvd. Tlicr*' 
is iimu opportunity for tlit» oscnpe of tltp 




i^'iGfaK 26. — Whoat and corn aro often stored in very old and very looHCly constructed 
barns not fitted for fumipfation. Above is shown a wheat bin in such n barn. If 
iin emergency arises and the bin can not be tishtencd booaufsc of labor shortage or 
lack of funds, many of the weevils onn be killed by pouring the funiigant directly 
upon the grain and covering the surface of the grain at once with tarpaulins, 
empty sacks, bed quilts, etc. There will be much leakage of gas throuu;h the floor, 
but the wheat itself has a tendency to hold the gas. Before fumigation the grain 
should be shpvelQd into as compact a mass as possibly 
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factoiily for years that they are goiiii^ to continue its use. Phinta- 
tion managers and progressive farmers of the Gulf Coast States 
have found in carbon disulphide an almost perfect fumigant for 
protecting corn from weevils. Large elevators in Baltimore, Md., 
are still using large quantities of carbon disulphide in fumigating 
grain in railway cars. These statements are made in order that one 
may not be frightened away from the use of a cheap and effective 
fuiiiigant merely because it umst be handled carefully. The writers 
soklom recommend carbon disulphide for fumigating large build- 
ings; but for the average grain bin or crib, or the small elevator 
where surnmnding conditions can be controlled, this gas has no 




Figure 27. — A niPthod of storing and carrying carbon disulphide used by a Maryland 
elevator. The shod contains the drums of liquid. Needed amounts are transferred 
to the tank mounted on the cart. One man can push the cart to the place of 
fumigation 



superior from the standpoint of toxicity under average conditions 
prevailing at the present writing (October, 1929). For fumigating 
large elevator bins, or when there is the least danger from fire in 
any form, a noninflanmiable fumigant should be used. 

Remember, lighted lanterns, sparks from electric switches, sparks 
formed by hammering upon metals, lighted cigars, a stove fire in a 
cook's quarters on a grain boat, even hot steam pipes and static and 
frictional electricity, may cause an explosion of carbon disulphide 
vapor; therefore fire in any form, or excessive heat, or frictional or 
Static electricity should not be allowed near a bin or building that 
is being fumigated with this chemical. 

Carbon disulphide liquid will boil at 115° F., which is about the 
highest temperature of water in which the hand can be held. The 
supply of this fumigant. should therefore be kept under cover and 
protected from fires and the heftt of the sun (figs. 27 and 28). The 
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liquid woijGrlis about 101/2 pounds per <^allon at ovdinaiy tempera- 
tures. Since many complauits ai-e made of the poor quality of cer- 
tain grades of carbon disulphide placed on the market, it pays to buy 
from reliable sourcos and ^et g:ood {^-i-ades. 

One volume of carbon disulpliide on evaporatin*; can produce f^To 
volumes of vapor or gas. This .^^as is 2A)?) times as heavy as air. 
Being heavier than air, it sinks do\vn through the grain, displacing 
the air, and if the bin is tight enough forms a sufficient concentration 
to kill all stages of the insects in the grain. 

Dose to use. — In a thoroughly tight container 4 pounds of carbon 
disulpliide per 1,000 cubic feet of space, regardless of the amount 
of this space occupied by the grain, will kill all insects. In the aver- 
age well-built corncrib, designed especially for fumigation, 8 pounds 

per 1,000 cubic feet of 
space is the more common 
dosage. In many m o r e 
ordinary cribs as high as 
20 pounds per 1,000 cubic 
feet is used. As grain is 
valuable and the fumigant 
is relatively cheap, it is 
better to use more than is 
actually necessary and kill 
the insects than to over- 
estimate the tightness of 
the crib and use too little 
and have to do the job all 
over again. A few fumi- 
gations will acquaint each 
man with the' dosage the 
particular^ crib needs. 

Effects of breathing the 
gas. — The brea thing of car- 
bon disulphide vapor in 
excess produces giddiness, 
and occasionally vomiting, 
and has a peculiarly be- 
numbing effect upon the senses. The aetion of the vapor is some- 
what poisonous* as well as suffocating, and it is dangerous for persons 
having weak hearts to take an extended part in fumigating opera- 
tions. Fumigators should inhale as little of the fumigant as possible, 
and seek the fresh air as soon as its bad effects begin to be noticed. 

Cost. — The cost of carbon disulphide varies in different sections of 
the country. In general, when purchased in 1-pound tins the price 
ranges from 25 to 45 cents; when purchased in 500-pound drums 
(fig. 29) it should not cost more than 6 cents per pound f. o. b. 
factory at present market prices. 

CARBON-DISULPHIDE MIXTURES 

Mixtures of carbon disulphide and carbon tetrachloride are now 
being used rather extensively for grain fumigation in certain sec- 
tions of the country. These mixtures consist of small percentages of 
carbon disulphide in carbon tetrachloride to which may be added a 
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small quantity of sulphur dioxide or other chemicals. When prop- 
erly made such mixtures appear to be relatively free from fire hazard 
and are being sold apparently with the approval of the board of 
underwriters. 

It is not advisable for the layman to attempt the manufacture of 

such mixtures since the safety of the fumigant is dependent upon its 
proper preparation. The efficacy of such a fumigant is directly pro- 
portional to the quantity of carbon disulphide it contains, and should 
be used accordingly. That is a mixture containing 20 per cent of 
carbon disulphide is about one-fifth as efl'ective as the pure carbon 
disulphide. l^Iixtures containing only 2 to 6 per cent of carbon 
disulphide have not given satisfactory results when used as the rate 




KiGUUE liO.— If carbon disulphide or nny otlior t'umi^ant such as oarbou tetradihu'ido 
or eth.vh'iie dichloride-carbou totrachlorldc is purchased in drums through coinrnu- 
iilty effort for distribution by county a^^ents. the drum should be* mounted so that 
the li<iui(l can be drawn off throujjh a faucet. The drum h-hould be protected from 
the blight sun. If the fumisrant is poured trom the bun^hole iu »mall lut» ut 
dlft'ercnt times, much will be lost 

of one gallon per thousand bushels of wheat in railroad ears and in 
cribbed elevators with open tops. 

For ordinary fumigation work the methods described for the use 
of carbon disulphide will apply equally well for these carbon disul- 

{)hide-carbon tetrachloride-sulphur dioxide mixtures. For use in tight 
>ins in elevators the method devised by Schenk for the application of 
calcium cyanide (see p. 27) appears to give the most satisfactory 
results. By means of a special hopper, the mixture is fed into the 
grain stream as the bin is filled. The hopper is regulated to apply 
approximately 10 pounds of the mixture to each 1,000 bushels of 
grain. 

ETHYLENE DICHLORIDE-CARBON TETRACHLORIDE MIXTURE 

The ethylene dichloride-carbon tetrachloride mixture is an in- 

exiJK^nsive/noninflainmable fumigant that can be used with safety 
in situations where it is unwise to use carbon disulphide. It is 
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made of 3 parts by volume of ethylene dichloride and 1 part by 
volume of carbon tetrachloride. It can be purchased already mixed, 
or the user can obtain the two chemicals and combine them himself. 

The ethylene dichloride is the active ingredient of the mixture, 
the carbon tetrachloride being used to render the fumigant non- 
inflammable. The ethylene dichloride is a colorless liquid with an 
odor resembling that of chloroform. It is about one and one-fourth 
times as heavy as water, 1 gallon weighing 10.4 pounds. Its vapor 
is over three times as heavy as air. 

It should be applied in the same manner as carbon disulphide 
or the carbon-disulphide mixtures. It is about one-fifth as toxic 
against the rice weevil as carbon disulphide and should be used 
accordingly. 

It has no adverse effect upon the germination of seeds and is not 
dangerous to handle. It has an anaesthetic action when breathed 
in concentrated form, but unless the fumes are breathed for a 
protracted period no harmful results need be feared. 

The ethylene dichlori de-carbon tetrachloride mixture costs about 
10 cents per pound. 

CARBON TETRACHLORIDE 

Carbon tetrachloride is a thin, transparent, colorless liquid, in 
appearance similar to water. The gas formed by its evaporation 
has a pungent aromatic odor. It should never be used at tem- 
peratures lower than 70° F., as fumigants are seldom very effective 
unless the insects treated are in an active state. 

Carbon tetrachloride is not so effective a grain fumigant as the 
other fumigants mentioned above. It has one great advantage over 
carbon disulphide in that the gas formed by its evaporation is non- 
inflammable and nonexplosive in the presence of fire. It is itself 
a fire extinguisher. Until the more effectix^e noninflammable and 
nonexplosive fumigants were developed, carbon tetrachloride was 
the only fumigant generally used for grain fumigation where car- 
bon disulphide could not be used because of the fire hazard. In spite 
of this fact grain men with experience have come to believe that 
carbon tetrachloride alone is not a dependable grain fumigant ex- 
cept perhaps, in very tight containers. It evaporates slowly and its 
action is poor in cool weather that is still warm enough for good 
results if carbon disulphide is used. In general, it is believed by 
the writers to be about one-twentieth as effective as carbon disul- 
phide when used under favorable conditions. Since it must be 
used in correspondingly larger doses to get approximately the same 
results and costs about the same per pound, fumigation with carbon 
tetrachloride is considerably more expensive than fumigation with 
carbon disulphide. Carbon tetrachloride is a safe fumigant, but 
should be selected only as a last resort. 

ETHYLENE OXIDE 

Ethylene oxide, a gas recently developed by the Bureau of Ento- 
mology in cooperation with the Bureau of Chemistry and Soils, 
shows promise of being an excellent fumigant for stored grain when 
used in combination with carbon dioxide. 
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Preliminary tests indicate that satisfactory results can be obtained 
in large storage tanks without hazard from fire, or danger to the 
operator, and at a reasonable cost. 

Ethylene oxide at ordinary temperatures is a colorless gas. At 
low temperatures it is a mobile, colorless liquid boiling at 10.5° C. 
(about 51.4° F.) and having a specific gravity of 0.887 at from 4° to 
7° C. (about 39.2° to 44.6° F.). The concentrated vapors of ethylene 
oxide are inflammable, but concentrations up to 3i/^ pounds per 1,000 
cubic feet of space are nonexplosive and noninflammable. The 
ignition point is 814° F. The gas is not highly toxic to man, but 
when inhaled for a long time produces a cyanosis, which, however, 
is counteracted by the use of carbon dioxide as an antidote. 

The use of carbon dioxide in combination with ethylene oxide 
in the proportion of 7 parts by weight of carbon dioxide to 1 part 
of ethylene oxide greatly increases its insecticidal action and in addi- 
tion entirely removes any possibility of fire. For this reason it is 
always desirable to use carbon dioxide with ethylene oxide. 

A dosage of 2 pounds of ethylene oxide per 1,000 cubic feet of 
space fumigated, with the carbon dioxide in proportion, appears to 
be satisfactory. 

Methods of applying the mixture to the grain are still in the 
experimental stage, but it is hoped that they will be perfected in the 
near future. Ethylene oxide can be purchased at a cost of 75 cents 
per pound. 

HOW TO FUMIGATE WITH HEAVIER-THAN-AIR GASES 

Carbon disulphide, carbon disulphide mixtures, carbon tetrachlor- 
ide, and the ethlylene dichloride-carbon tetrachloride mixture may be 
purchased as liquids, shipped in tin cans or steel drums. They are 
most expensive when bought in 1-pound tin cans and cheapest when 
bought in the larger steel drums. (Fig. 29.) 

To fumigate successfully remember that — 

(1) The bin must be tight. A wooden bin is seldom tight enough 
unless it is built of two thicknesses of tongue-and-groove material 
well driven together, with heavy building paper between the layers. 
This applies to the floor as well. Take extra care with corners where 
walls join walls and the floor. (Fig. 7.) Each crack will allow the 
gas to escape. The more gas that escapes the less effective the fumi- 
gation. The gas must be confined well with the grain if it is to kill 
the insects. 

(2) The grain must be warm enough. Never fumigate when the 
grain temperatures are lower than 60° to 65° F. Fumigate prefer- 
ably at temperatures above 70° or 75°. Results are usually better 
in ordinary bins with temperatures between 80° and 95°. 

(3) The bin door must be tight and sealed. Watch the granary 
door. The average door is so loosely closed that much gas escapes 
around it. A door of refrigerator type is best. Always seal the door 

f after applying the fumigant. Do this by pasting good paper over 
the cracks or rubbing clay mud into the cracks. Several thicknesses 
of newspaper applied with a homemade flour paste will serve the 
purpose. The door is often a very poorly made or poorly fitted part 
of an otherwise excellent crib. 
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(4) The fumigant should be applied by removing it from the 
original container. Just before closiiifr and sealing: the door, pour 

or sprinkle the nocossury quantity of liquid over the top of the grain. 
If the bin is li^ht enou^'h to hold the ^as that forms, it does not 
make much difference how the liquid is applied. The fumi^iant may 
be applied^ by pourin<^ it into shallow dishes like pie tins or soup 
plates restin<^ on top of the grain. Some persons merely pour the 
liquid over the top of the grain from a water pail. Others insist 
on sprinkling it on the grain from a flower-watering pot. The writ- 
ers nsually pour the 
fumigant with a 
sweeping movement 
from a water pail or 
from the original con- 
tainer, provided the 
container does not 
hold more than 5 
gallons. They have 
fumigated 50 - foot 
elevatoi- bins success- 
fully with carbon 
dirfulphide by meivly 
pouring the liquid 
over the top of the 
grain. (For one 
method of introduc- 
ing the liquid into 
the grain see fig, ^U) 
and legend.) Do not 
pour all the liquid 
in one spot, and do 
not expect to suc- 
ceed by burying the 
liquid in the grain 
in its original con- 
tainer with the cork 
taken out. Some 
l)ersons think that a 
slow evaporation of 
the liquid will give 
best results. This is not so. Try to get a rapid evaporation of the 
liquid^ so that a stroiuj concentration of the gas is fornied qvickly. 

(5) It is always best to cover with a tarpaulin or with sacks the 
surface of the grain being fumigated. Tins aids in holding the gas 
long enough to kill the insects. 

(G) The breathing of an excessive quantity of these fumigants 
should be avoided, and persons having any trouble or weakness of 
the heart should take no extended part in the application of carbon 
disulphide. 

HYDROCYANIC-ACID GAS 

The snceessful ii.se of hydroeyanie-aeid gi.is as a fumigant for bulk 
grain is not possible for the average farmer at the present time. Its 
use is restricted to elevator concerns equipped with modern machin- 




FiuuRE 30. — In t'limijrftting a farmer^s bin <»itli#r pour tho 
fumijiraut into sh.-illow (lij?li<'s as «lio\vii jUjcw or pour it 
tllrt'Ctly upon tlu- grain. Do not expect results if you 
bnry tlio cans of liquid upriglit in tlio grain. N'ev«>r'6x- 
pocl riH^nltK by phjcint; tlio uuforlinl contninor in tlie 
l)ottom of tlio ompty bin b<'foro Hllini,' the bin with jrrain. 
Tho walls of tlio bin wliowu iU'c of u sin^'b* thirkncss of 
ton«;uo-and-groove material and are not wi-U made for 
confining the gas. Leave the bin promptly after ponrin« 
out the liquid, to avoid breatliing an rxeessivc amount of 
the gas 



("OXTIJOI, <M' IXSKCT TKSTS IX STOltKI) CltAl.V 



27 



ery and able to eiiii)loy technirjil {issistaiicc. The method of applica- 
tion is so involved that a full discussion is not given here. To the 
reliitively few grain handlers who can use hydrocyanic-acid gas 
there is available in printed form an excellent article by Gilbert 
Schenk, reference to which will be given gladly. 

The treatment consists, in brief, of thoroughly mixing calcium 
cyanide (in a fine granular form like medium fine sand) \vith the 
wheat throughout the bin. This is accomplished by installing a 
motor-driven hopper over the stream of wheat at a point close to 
where the wheat enters the bin. (Fig. ;U.) By regulating the flow 




Fk.the •>!.- -The sticani of wheat movins toward the tri]>i)cr on the conveyor bi'lt of 
a iiviun olovator. Notice the smrUl boxliko niotor-drivrn hopper (//) which 

feed? the ralciuni cyanide to the stream of wheat a.s it parses dt>wn the chute 
(ft) iiist before it entoi-s the top of the elevator bin 



of wheat and the discharge of calcium cyanide from the hopper into 
the wheat stream it is possible to incoi'porate with the wheat enter- 
ing the bin a dosage of 25 pounds of the fumigant to each 1,000 
bushels. Fumigations may ijc conducted with a temperature as low 
as 40° F. and should always continue for 72 hours. There is no fire 
or explosion hazard so far as the fumigant is aoncerned, and the long 
peiiod of fumigation results in the death of all insects by liydrocfa- 
nic-acid gas, the vapor evolved from the calcium cyanide. It has 
been found hy Swanson and Working " of the department of the mill- 
ing industry of the Kansas State Agricultural College, that fumi- 
gations conducted with the recouuuended dosage of 25 pounds per 



aSwANSON, C. O., and Working, E. B. now fumigation affects wheat. The MiUers* 
Ueview and Dixie Miller, vol. XC, no. 2, pp. 28-30, 101*6. 
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1,000 bushels of wheat, or double this dosage, have no effect upon the 
milling or baking qualities of treated wheat. Also the experiments 
of these investigators indicate that the health of animals fed with 
grain treated with even double or treble the dosage recommended 
is not affected. Since hydrocyanic-acid gas is deadly to human be- 
ings, certain precautions against fatalities to workmen and operators 
must be considered. These precautions, however, are a part of any 
technical advice any firm deciding to use this fumigant must obtain 
from experienced fumigators and should be made a part of any con- 
tract entered into between an elevator concern and the fumigator 
employed. 

ODORS FOLLOWING FUMIGATION 

It is best that a fumigant should leave no odor on the grain that 
is not soon dissipated. Certain fumigants are impractical because 
they seriously taint the grain and the by-products made from it. 
Good grades of carbon disulphide and carbon tetrachloride will not 
leave an odor on grain that is objectionable to grain interests. The 
repeated use of a poor grade of either will sometimes so taint wheat 
that millers object to purchasing it. Grain that becomes soaked in 
carbon disulphide may retain a bad odor, but under usual con- 
ditions grain is not likely to become so saturated. The presence of 
other sulphur compounds is objectionable, because they may import 
an odor to the grain. 

EFFECT OF FUMIGATION ON THE GERMINATION OF SEEDS 

Careful experimental work has demonstrated that, with the excep- 
tion of ethylene oxide, fumigations with the fumigants mentioned in 
this bulletin have no injurious effect upon the germination of seeds 
when conducted in the manner prescribed and at the strengths recom- 
mended. It is taken for granted that the seeds to be fumigated will 
be thoroughly matured and dry. Newly harvested corn, unless 
thoroughly mature and dry, can be killed by fumigation. The fumes 
of ethylene oxide have an injurious effect upon the germination of 
seeds, hence seeds intended for planting should not be treated with 
this gas. 

HEATING GRAIN AND FUMIGATION 

The heating of grain may be caused either by a high moisture 
content or by the presence of insects. Peas infested with bean 
weevils ^ have been known to heat to as high as 103° F. when the nor- 
mal temperature was 58°. Wheat stored in farmers' bins and Avell 
infested with the rice weevil* and the flat grain beetle^ has been 
found heating to 109° when the normal temperature was 27°. Wheat 
in shallow bins or on barn floors and stored in piles ranging in 
depth from 1 to 3 feet will heat if badly infested. (Figs. 32 to 34.) 
Wet corn stored in a concrete elevator bin has been known to heat to 
about 300°. Insects in heating grain are killed or driven away when 
the temperature approximates 120° or higher. The records of the 
grain inspection department of the Baltimore (Md.) Chamber of 
Commerce indicate that in 1923, during the September-December 



2 Bruchus quadrimaculatus Fab. 

* 8itophilU8 oryza L. 

^ Cryptolestes pusillus Schon. 
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period, o\'(^r 50 j)pr (*onl of the 1,100 niilroad box cui.s iind bny boats 
I'uinigatofl ])pcansc of insects piesent in Ibe wheat shipped in them 
were recorded as heatinff.*^ 




FiGLKE .32. — On some farms wiicat is stored, bofore sole to flour mills, on the bnrn 
floor as shown above. This is a condition favorable to insect Increase, particularly 
in the case of the Anj^oumois j;rain moth. Such j^rain should bo shoveled into as 
compact a space as possible and fumi^atod under a tarpaulin. This is a makeshift 
treat nn-nt to be recommended as a last resort 




iii" 



h 

Figure 33. — A typical combination wagon shed, corncrib, and wheat bin common in _^ 
the eastern wheat-growing region. The cribs on cltlier side below may jsu slattpd^ 
and the wheat stored above. (See fig. 34) .c.. .jdo rs or- 1 



«Data furnished the Bureau of Entomology by HaroJiL ABdec§QJJ,._£rjajUi..S»D.er>M^ 
Bureau of Agricultural Economics. ^ mohn Harr.n:.>i -lo'-i 
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The foregoinf]; facts are presented to direct attention to the follow- 
ing two important points that must be considered in fumigating 
hot grain : 

(1) If the grain is heating to the ignition point of an inflammable 
and explosive funiigant, there is just as much danger of fire as though 
fire itself were brought in contact with the gas. There is on record 
only one instance of an explosion following the use of carbon disul- 
phide in heating grain. In this case wet corn in a concrete bin Avas 
involved, and it was known to be heating, from causes other than 
insect attack, to a temperature of about ^300° F.*^ When fumigating 
heating grain it should be determined beforehand that its tempera- 




KiornE — Wlirnt stored in loft of f.iriner*s shod shown in Fisiir^ Wlit'Jit storod 
aftPi* this fashion may heat hndly as a result of insect attark. lns(>cts c;in be 
killed by ninkinfj: floor and bin sides lii?ht and fumijratinj? with a heavier than-air 
pas. Durhij? fumipalion arwin should be covered with a tarpaulin or empty grain 
Kacks. If the lipathis is caused by insects, fumigation will return the wheat to 
normal temperature 

ture is aycII below the ignition point of the fumigant if the fumigant 
is one that is inflammable and explosive. The experience of fumi- 
gators tho country over indicates that grain infested Avith Avecvils is 
seldom dangerously hot. 

(2) Grain heating as a result of insect attack can have its tem- 
perature reduced to normal by fumigating with carbon disulphide, 
and probably by the other effective fiimigants. If the oTitsidc tem- 
perature is loAv enough to prevent insects from feeding on grain the 
heating grain should be fumigated so that its temperature will fall 
to the normal. This will prevent insects from continuing their 
destruction during winter, when it would naturally be expected that 
the cold would afford protection from them. 



^The spontaneous point of ijpnitiou of carbon disulphite is about £07" l-\ 
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